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SPECI FICATION 

WASTE WATER DISPOSAL PROCESS BY BIOSOLID METHOD 
INCLUDING LINE ATOMIZING TREATMENT 

Technological field 

[0001] The present invention relates to a waste water disposal by the 
biosolid method or, more particularly, to a waste water treatment proc- 
ess in the biosolid method in which a reaction vessel is fed with a gas- 
dispersion liquid having a reactive gas containing oxygen or oxygen and 
ozone in a dissolved form or in the form of ultrafine bubbles to be dis- 
persed, kept staying or stored. 

Background technology 

[0002] The biosolid method is now widely practiced for cleaning of 
waste water. The biosolid method is a method in which a biochemical 
treatment is undertaken by utilizing microorganisms and oxygen so as 
to immobilize organic pollutant substances in the waste water as bio- 
solid which is partly decomposed to form water and carbon dioxide 
(self-digestion) to be removed. 

[0003] In a standard biosolid method, non-organic matters such as 
coarse suspended substances, sand and the like are removed, in a set- 
tling vessel (also called a settling pool) from the original waste water 
introduced into the waste water treatment system and the organic mat- 
ters are decomposed by means of microorganisms in a reaction vessel 
under an anaerobic atmosphere (sometimes called an anaerobic ves- 
sel) to be converted into water-soluble substances and a biochemical 
reaction is conducted by means of microorganisms in a reaction vessel 
under an aerobic atmosphere (sometimes called an aeration vessel or 
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aerobic vessel) followed by settling of the biosolid produced in the reac- 
tion vessel, in a biosolid settling vessel (also called a biosolid settling 
pool) and release of the supernatant water from the waste water treat- 
ment system along with recycling of a part of the biosolid into the reac- 
tion vessel and elsewhere as the recycled biosolid for recycling utiliza- 
tion of the microorganisms while the remainder of the biosolid as the 
excessive biosolid is, after treatments of dehydration, drying and the like, 
disposed by compost-forming or incineration or disposed by land filling. 
[0004] The supernatant water is released to rivers and the like or sub- 
jected to an advanced treatment for further purification. 
[0005] While, in many cases, the reaction vessel, biosolid settling vessel 
and others are installed each as an independent vessel (pool) (repre- 
sented by "vessel" hereinafter) for an exclusive purpose, it is sometimes 
the case that a vessel is provided to exhibit functions of a plurality 
thereof in combination and that a single vessel is provided for utilization 
in a batch-wise manner. Also, there can be a case where vessels of 
other kinds such as, for example, an adjustment vessel and others are 
provided. In order to conduct the biochemical reaction by means of the 
aerobic microorganisms in the reaction vessel (aerobic) under an aero- 
bic atmosphere, the dissolved oxygen is indispensable in the water un- 
der disposal. 

[0006] In the reaction vessel (aerobic), it was the case that air was in- 
troduced by using an air disperser unit (bubbling) in order to promote 
the biochemical reaction. The utilization efficiency of oxygen, however, 
was very low because the diameter of the gas bubbles introduced into 
the disposal water by the air disperser unit was very large so that most 
part of the gas rapidly ascended in the disposal water to be dissipated 
from the water surface. Accordingly, there are means under practice in 
which aeration with standard air is replaced by aeration with oxygen- 



enriched air or pure oxygen, a great increase of the aeration volume .s 
attempted and the depth of the vessel is increased to make efficient the 
water depth pressure thereby only to result in an increase of the power 
consumption or necessity of an excessive space for the reaction vessel. 
[0007] On the other hand, the present status for the disposal of the ex- 
cessive biosolid occurring in a large amount in the biosolid method is as 
follows. 

1) A part is convertedinto compost. 

2) A wet-process oxidative annihilation treatment is undertaken in 
part under a pressure of 4.99 MPa (50 kg/cm^) or higher at a tem- 
perature of 243 °C or higher. 

3) A biogas recovery method by biosolid digestion is now under way 
of development. 

[0008] It is, however, the usual case that the excessive biosolid is dis- 
posed by concentration, carrying-out, incineration and land filling and 
the disposal cost, bad smells, CO, emission and others belong to the 
fatal problems of the biosolid method and fundamental solutions remain 
unpracticed in the present status. 

[0009] As a measure for volume reduction of the excessive biosolid, 
practice is also under way for the application of gaseous ozone to a 
waste water treatment system by the biosolid method (official publica- 
tion of Patent Publication No. 5-85236, official publication of Patent Ko- 
kai No. 6-206088, official publication of Patent Publication No. 57-19719 
and elsewhere). 

[0010] According to the official publication of Patent Publication No. 5- 
85236 the disclosures given include that "the microorganisms are acti- 
vated by ozone simultaneously with the deodorizing activity and oleagi- 
nous matter decomposing activity" to be exhibited and, besides, "ac- 
cording to the present invention, the organic substances contained in 
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the waste water are decomposed mainly to carbon dioxide and water so 
that occurrence of biosolid can be prevented". 

[001 1] According to the officiai publication of Patent Kokai No. 6-206088, 
a disclosure is given that "when reacted with an ozone-containing gas, 
the extracted biosolid is converted into BOD by causing oxidative de- 

composition". ki c-7 

[0012] According to the official publication of Patent Publication No. 57- 
19719 the disclosure says: "When the biosolid is contacted with ozone, 
the organic matters in the suspended substances constituting the too- 
solid are decomposed by the organic-decomposing activity of ozone 
leading to the formation of another biosolid of which the constituents are 
different from those in the biosolid before contacting with ozone. When 
this biosolid is added to the reaction vessel, the living organisms ,n the 
vessel take up the same as the nutrient source so that the suspended 
substances having a decreased molecular size by ozone are decom- 
posed to result in a decrease of the SS." 

[0013] contacting of an ozone-containing gas with the disposal water in 
these prior art technologies is undertaken always by using the means of 
bubbling in the same manner as in the aforementioned oxygen gas. it ,s 
therefore that the size of the bubbles of the ozone-containing gas ,s 
about 1 mm or in the order of submillimeter for the smallest so that the 
dissolving rate of ozone into water is so low that the dissolution and 
utilization efficiency would presumably be low. 

[0014] The above-described prior art technologies always involve the 
step of oxygen aeration with oxygen gas or an ozone-containing gas as 
a hardly dissolvable gas and always employ the process elements 
common to all as such so that almost no improvements are attained ,n 
the dissolving rate and the dissolution efficiency. 
[0015] The characteristics in the process elements thereof involve: 
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1) that they are each a tank-type biosolid oxidation method with 
ozone (being commonly of the tank-type in which aeration .s ef- 
fected by bubbling into a tank); 

2) that they are each a method of aeration and oxidation under su- 
perlow pressure by utilizing the tank water-depth pressure onto 
the installation position of the gas disperser unit; 

3) that usually, they are each for aeration with air-dispersion type 
coarse bubbles of air (ozonated gas) so that the dissolving rate 
and the dissolution/utilization efficiency of oxygen/ozone are ex- 

tremely low; . 

4) that for the reasons of the above described factors, they are each 
a process in which a large-size aeration vessel and a large-size 
reaction vessel are needed; 

5) that for the reasons of the same factors described above, they 
are each a process with consumption of a large power for the 

aeration and for ozone generation; 

6) that while it is described that oxidative decomposition treatment 

of biosolid with ozone is possible by means of an OHR line mixer 
described later, this is in a stage of mere idea only and has not 
yet been practiced in the present status because of the limitation 
in the gas/liquid proportion by the admixture of ozone gas; 

7) that the aforementioned mixer which enables formation of ultra- 
fine bubbles is under a trouble by possible occurrence of block- 
age by the undissolved solid matter when in a waste water treat- 
ment system so that it is understood not to be surtable for appli- 
cation to the aeration step; and 

8) that there cannot be found a compact and energy-saving type 
disposal method enabling high-concentration, high-load waste 
water treatment and free from occurrence of excessive biosolid. 
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Disclosure of invention 

[0016] The problems of the present invention inciude, in a waste water 
Ltrr^ent process by the biosolid method, improving the dissolving rate, 
dissolved volume and dissolution/utilization efficiency in water of oxy- 
gen gas or a reactive gas containing oxygen and ozone so as. 

1) to promote the biochemical activrty of aerobic microorganisms 

with oxygen; 

2) to activate microorganisms with a trace volume of ozone; 

3) to greatly increase the waste water treatment performance as 
compared with the prior art by way of a synergistic composite 
effect of cavitation and ultrasonic activity simultaneously w.th 
the function of oxidation/decomposftion by a relatively large 

amount of ozone; and 

4) to unltarily control the above-mentioned 1), 2) and 3). 

[0017] TO say particularly, the problem is to realize the unsolved prob- 
lems remaining as they are as the 'latal problems" in the biosohd meth- 
od including 

1) enabling curtailing the excessively large space; 

2) reducing power consumption such as the power for aeration to 
accomplish energy saving; 

3) controlling the waste water treatment system by the b.osol.d 
method compositely and efficiently; 

4) enabling adaptation/disposal of waste water with high concen- 
tration and high loading; 

5) reducing or annihilating excessive biosolid; and 

6) preventing, in addition to the above, generation of malodors, CO, 
and dioxins; . 

[0018] m order to solve the above-described problems, the line atom.z- 



ing waste water treatment method of the present —n s c,ara 
terized in that oxygen or a reactive gas containing oxygen and ozor^e ,s 
d s d as uSne bubbles into a returned biosolid water or Cean 
waS o give a gas-dispersion iiquid outside the vesseis (poois) w,th n 
The waste wat r treatment system and the a,oremen.oned ga^- 
liquid IS introduced into the reaction vessel so as to supply 
the microorganisms. Alternatively, the — ,oned g^- 
Zersion liquid is introduced into the step preceding the reaction ves- 
sel or into the step succeeding the reaction vessel. 
Sti -rbe concentration of biosolid in the aforementioned returned 
biosolid water can be 2 to 200000 mg/liter. ^^^^.^atrace 
[00201 The aforementioned reactive gas can con a,n oxygen and a ^ace 
amount of ozone or can contain oxygen and a large amount of ozone. 

Iforementioned reactive gas occupies from 0 to 50% by volu- 
me of the aforementioned gas-dispersion liquid. 
r02 in conducting dispersion of the aforementioned reactive gas in 
he form of uitrafine bubbles, it is preferable that the bubbles are imp^- 
ea l fineness of t nm to 30000 nm by the inaction o — 
and/or ultrasonic waves of 20 to12000 kHz so as to generateoradicals 

;;Z;:t:;:desirable, though notlimltedtothe returning^ 
he gas-dispersion liquid to the above-described individual vessels^U, 
Tpeci^ the Kind, concentration and volume of the reactive gas ^ we 
as th! vesseis (pools) for returning and introducing duration in accor- 
dan e with the proceeding condition of the waste water treatment. 
O02TT e waste water to be disposed by the waste water treatment 
ZcL according to the biosolid method can be either one of 1) pub c 
wL, 2) wLe water coming from agriculture - o- 

nies. 3) discharged water from combined sanitary disposers, 4) excre 
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tions 5) discharged water frorr. factories. 6) excessive biosolid and 7) 
«d wate^ tro. garbage disposers while the BOD ioad.ng of the 
discharged waste water car, be 50 to 200000 mg/l.ter. 

Rripf riescriDtion of the drawing 

.0^4 J g^^^^ 1 is an illustrative drawing showing an example of he 
Suid mixer which can he satisfactorily used as the atom.zer .n the 

^Z^7^s^ — drawing showing an exa.p.eof t^ 
^^essu^e-^sr^er pump most satisfactorily usah.e .n the pre- 

S^:Ce"3 is an illustrative drawing showing a hasic 
oonltion Which can actually conduct the line atom.z.ng method for 
biosolid water in the present invention. 
[0027] Explanation of signs 
1 tube 

2: blade panel 

3: chord-side side edge (of the blade panel) 

4: partitioning plate 

6: inner peripheral wall (of the tube) 

7: head portion of hemisphere 

8: leg portion 

9: protrusion 

1 0: stator 

1 1 : rotor 

1 2: waste water 

13: (flow rate) adjusting vessel 

14: settling vessel 

15: reaction vessel (anaerobic) 
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16: reaction vessel (aerobic) 
1 7: biosolid-settling vessel 
18: supernatant liquid 
1 9: pipeline for biosolid suction 
20: atomizer 

21: gas-liquid pressure-transfer pump 
22: oxygen/ozone cycle generator 

23- line atomizer (generically for 20/21) 

24- pipeline for reactive gas (containing oxygen) 

25": pipeline for reactive gas (containing oxygen and ozone) 
26: pipeline for retuming/introducing 
27: stirrer 

28: dispenser system for microbial preparation 
29: sensor 

30: line atomizer system (genericaliy for 20/21/22) 

course of formation of the gas-dispers,on liquid .n the aforemen 



the 
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tioned line atomizer, the ozone-oxidation decomposition -action - eN 
eL instantaneously and the same is introduced into vessels/pools 
«the reaction vessel so that these vessels/pools^ 
with a function of biological treatment to make composite of tl^e func 
Is of e vessels/pools along with 1 ) the step of oxygen aerat,on ,s^ 
Zllwr.^s.o..ge, 2) the step of ozone oxidative decompose on 
and XreP Of hiosoiid returning unitarized In the hiosolid-return.ng 
L si rs to enable control and management to accomplish decreas,ng 
Td sap arance of excessive biosolid and enabling disposal of even 
hlglLed waste water and further to accomp.ish space sa.ng. ener- 

rooSoTlJ'oxygen gas (air)/ozone and the like could be imparted with in- 
Ze d^olving rate, dissolvable volume and dissoMng ef^cenoy 
to water « wo^d be within thought that the performance o waste 
':r— could be improved due to P-----^ 
activity by microorganisms but no particular proposals have been made 
hpretofore based on such an idea. 

pSi Tis well known that, in order to accomp.ish good dissolut.on of a 

gas such as oxygen gas (air)/ozone into water, it '^- f-^^ 

' 1) to decrease the Size of the gas particles (bubbles) JO . c^^^^^^^ 

the gas-liquid contacting interface for extens,on of the fme for 
ascending of the bubbles); 

2) to increase the number of the gas particles (bubbles); 

,h» nas oressure or to increase the pressure of 

3) to increase the gas pressure ui 

aas-liquld mixture; 

4) to increase the concentration of the gas (react,ve gas) and to 

increase the aeration volume; 
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5) to increase the volume capacity of the reaction vessel; and 

6) to decrease the liquid temperature; and others. 

[00321 in the present invention, 1), 2) and 3) mainly among the above 

can be accomplished and, besides, making a possibility of us,ng oxygen 
n place of air in 4), so as to accomplish energy saving and manpov^er 

saving by decreasing the vessel volume, space and aeration volume. 
0033 B, means of a line atomizing treatment, in the present .nvent o 

[ aesired volume of the reactive gas is Instantaneously converted , to 
ultrafine bubbles to cause rapid dissolution of a part hereof, th re- 
mainder being dispersed/staying/stored in the liquid in the form o Itra^ 
r bubbles so that the liquid holding the thus dispersed/stay,ng/stored 
elcSve gas can be returned/introduced satisfactorily to the aeration 
;:e«ocesslnadlssolved state orlntheform of. 

^^^t: :Srbe used tor the gas-dispersion liquid can be clean 
water (Which can be the water separately taken from outs.de of the 
water treatment system or can be the supernatant water w.h,n 
the waste water treatment system) or can be the biosolid water under 
returninq (returned biosolid water). 

0351 The most efficient embodiment is the case where the react.ve 
gas IS added to a returned biosolid water of high concentration or to ex- 
c" ve biosolid water. In an actual practicing, however, the liqu.d to be 
Ted or the gas-dispersion liquid can be obtained by -i"- on o - ^ 
balanced returning of the biosolid water (biosolid concentration 2 to 
20o"oO mg/liter) but, in the case of sudden increase of the concentra- 
n he troduced waste water, in the case of shortage of the return^ 
edvolume with the biosolid water only orin the case Of better ava,lab,lty 

o out-system water, clean water from outside of the svste- can be 
u ilized. According to the present invention, the object can be fully ac- 
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complished even in the case of using such an out-system liquid by sup- 
plying a small amount of the gas-dispersion liquid because a large 
volume of the reactive gas can be dispersed/can stay/can be stored ,n 
the gas-dispersion liquid, incidentally, the economical merit ,s never 
decreased even in the case of supplying the gas-dlspers>on liqu.d to 
outside of the disposal plant. 

[0036] 1) With respect to size reduction of gas particles (bubbles) 
[0037] According to the present invention, size reduction of gas part, 
cles (bubbles) can be accomplished by means of a treatment with a l,ne 
atornizer (0.5 second or shorter of one-pass treatment time) hav,ng 
performance of vortex-flow mixing of a gas-liquid (liquid conta,n,ng a 
gas) to convert the gas into ultrafine bubbles so that a part thereof ,s 
dissolved in the gas-liquid (gas-dispersion liquid), the rema.nder con- 
verted into ultrafine bubbles being in dispersion/staying/storage. 

[0038] The Size of the oxygen gas particles (bubbles) - J^P--"' 
staying/storage in the gas-liquid In the form of ultrafine bubbles ,s de^ 
sirably 30 . m or smaller as an average bubble diameter ,n order to be 
in accordance with the biochemical reaction rate of microorgan,sms by 
successive dissolution of the undissolved oxygen in dispers,on/stay ng^ 
storage in the form of ultrafine bubbles as the oxygen In a dissolved 
form becomes consumed by the biochemical reaction of microorgan- 
isms It Is preferably 1 Mm or smaller. 

[^039] A bubble diameter for aeration of 1 . m is outside of the practice 
Lord in the history of the waste water business. The ^ubb ^ « 
at the world-wide highest level heretofore would be 1 mm = 1000 M m^ 
[0040] TO make comparisons between bubbles having a bubble 
diameter of 1 m according to the present invention and bubbles hav- 
ing a bubble diameter of 1000 tim; 
a) the volume ratio per single bubbles is about one 1 0^h; 
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b) the ratio of the numbers of generated bubbles is about 10' times; 
o) the ratio of the surface areas per single bubbles is about one m,l- 
lionth; and 

d) the ratio of the overall surface areas is about 1000 times, 
dearly indicating the difference in the contacting areas due to conver- 
sion into fineness. With regard to the effectiveness of the present .nven- 
tion, while it is known that the effectiveness thereof is rap.dly Increased 
as the bubble diameter is decreased smaller and smaller, the smallest 
diameter is taken as 1 nm in the applicable range of the bubble d.ame- 
ter from economical consideration including the very great amount of . 
the waste water for disposal. On the other hand, when application ,s 
ir^tended to a ready-built waste water treatment plant in a public waste 
water system for disposal of a very huge amount in a one millon 
tons/day scale (in particular when the disposal capacity has a surp us 

margin) the maximum diameter is set at 30000 nm because the 

econornical advantages can be fully obtained by fine bubble formation 

set at around 30 Mm. 

[0041] With regard to retarding effect on the ascending velocrty of bub- 
bles in water due to fine bubble formation, the ascending velocity o 
bubbles in water is about 1 m/hour for a particle diameter of bubble of 
about 30 Mm and about 0.005 m/hour or smaller for about 1 /xm (ac- 
cording to the Stokes' Law). When the ascending velocity of bubbles m 
water be as above, they can exhibit a function of storage because they 
can stay for such a long time sufficient to immediately and ,n s,tu re- 
plenish consumption of dissolved oxygen by the biochemical reaction of 
the pollutant substances in water for disposal and because they are 
dispersed in the form of uftrafine bubbles in the water uniformly and in a 
large amount in the vicinity of the site of consumption. 
[0042] By this fact, it is possible to supply and store, within a very short 
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time, oxygen or a desired reactive gas containing oxygen and ozone n 
sJL amount as desired with no excess nor shortage to 
shorten/promote the biochemical reaction along with a poss,b,l,ty of in- 
termittent supply thereof where continuous supply within the t,me ,s not 
always required tor conducting the biochemical action. 
[00431 By utilizing the above-described phenomenon of ascending re- 
arda on^acceleration of oxygen bubbles, furthermore, it .s poss,b^ to 
promote the biochemical reaction by introducing the g-d.spers.on 1k,- 
uid to the reaction vessel leading to a more compact reaction v sse 
and to an increase of the treatment capacity of the ^^'^^T^^^^ 
possible expectation is not limited thereto but can extend to the follow 
■ng nel P-ess modes which are not thought of absolutely in the pnor 
art process of the biosolid method. 

a) By introducing a gas-dispersion liguid containing ^^oso^^^^ ^^^^ 
lution/dispersion/staylng/storage of a reactive gas -ta. ' 9 a t -e 
amount of ozone or oxygen into the adjustment vessel (optionally 
employed in order to mitigate the variation in the loading of organic 
■ matter for treatment in the waste water), settling vessel or pumping 
vessel in the step preceding the reaction vessel located nearer to the 
waste water inlet port thereby adding a function of biological treat- 
ment to the inherent functions exhibited by the respective ves- 
sels/facilities by Which it is possible to render the performance exhib- 
ited by the respective vessels/facliltles into composite funcAions. 
b) By introducing the aforementioned gas-dispersion liquid into the 
aLmentioned adiustment vessel or settling vessel. t^-« ves e. 
can exhibit the performance of the reaction vessel ^^^-"fj^ 
ologlcal treatment) so that, when these vessels have a suf.c e 
BOD loading capacity, the biochemlc^ reaction can be complied n 
these vessels accordingly leading to a possibility of dispensing with 
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the above-described reaction vessel. 
0) When me line atomizer used is a compact one, ^u— re « poss^ 
' biiity is obtained for a practicing mode of the ^-P-^-^ ^^'^^^ 
cal treatment process by introducing the gas-d,spers,on l.quid into 
m Cte water pits of restaurants and the iiKe. 5 to 10 purnp^g 
I ons large-diameter tubular culverts leading to the disposal plan 
InTothersLnd In the course leading to the terminal waste water 
treatment plant to which waste water Is usually collected, 
d) one of the practicing modes is a circuit service in which a set of the 
apparatuse according to the present invention is mounted on a mo- 
ITruck Which serves for ozone oxidation treatment of stored^^ 
0 ssive biosolid (biosolid concentration 10000 to 200000 mg lit^) 
am dium to small scale waste water treatment plant(apparatus^ 

[OO44T2) With regard to increasing the number of gas particles (bub- 
poll Even when the gas particles (bubbles) of the reactive gas con- 

waste water for treatment is high-loaded waste water, a difficulty is en 

rUaL Of the gas mixed totheii.uld.Astothe — 
linuld and gas to be subjected to atomizing, the gas should occupy 50 /» 
Struma or smaller. The feed amount of oxygen is <lete-n d de- 
LCg on the .uality condition of the waste water '°r « ^OD 
Z COD loading values and the amount of ozone to serve for the 
rro—d^composition Is determined depending on the gener- 
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ated amount of the excessive biosolid. The volume of the gas to be in- 
troduced is determined to be optimized on the base of the qualrty condi- 
tion of the waste water and the working time of each cycle of the oxygen 

cycle, ozone cycle and intermittent cycle as well as on the base of the 
concentration of the introduced gas. 

[0047] 3) With regard to increasing the gas-liquid mixing pressure 
[0048] Dissolution of a gas into water proceeds more rapidly and ,n a 
larger amount as the pressure condition is higher. Under a high-load,ng 
condition in which the reactive gas consumed in the waste water under 
treatment must be replenished immediately within a shorter time, the 
dissolving rate, dissolution efficiency and dissolving capacity of a ga 
can be increased by increasing the gas-liquid mixing pressure. Whi e ,t 
is the prior art that the pressure is increased by increasing the injecUon 
pressure of the gas or by utilizing the head pressure of water in a tank 
as being unaccompanied by a technology for forming comminuted bub- 
bles with limited effectiveness, pressurization, generation of cavitation 
and Ultrasonic waves, formation of ultrafine bubbles and high-pressure 
dissolution can be accomplished in the process of treatment with a ^ne 
atomizer according to the present invention. Though not parti ular y 
,i..itative in principle, the applicable pressure can be limited relative to 
the upper limit adequately depending on the pressurizing performance 
of the apparatus used. 

[0049] While pressurization up to about 29.42 MPa (300 kg/cm ) is re- 
quired in a conventional mixer in order for ultrafine bubbles of 1 Mm or 
finer to be generated by simple pressurization, such can be accom- 
plished in the present invention without necessitating particular pres- 
surization by an atomizer of preferred use having a structure which en- 
ables generation of cavitation and ultrasonic waves and it is a^o poss. 
hIe under pressurization of about 0.294 to 1 .098 MPa (3 to 10 kg/cm ) to 
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cause generation of an O radical-forming reaction and OH radical-for- 
ming reaction in addition to the formation of ultrafine bubbles. 
[0050] in the present Invention, a "pressure" relative to the line atom>zer 
system implies the discharge pressure at the exit of the pump for pres- 
sure-transfer of the gas-liquid described later. 
[0051] 4) With regard to increasing the gas concentration 
[0052] No particular limitation is laid on the concentration of oxygen gas 
(air) or ozone gas for use. Selection can be made from gases of a con- 
centration used conventionally depending on the types/contents of the 
disposal to the waste water by oxygen and/or ozone. When the requ.srte 
gas IS oxygen, air may be suitable or oxygen gas-enriched air may be 
suitable or pure oxygen may be suitable. The proportion of oxygen gas 
enrichment can be appropriately selected (for example, an oxygen con- 
centration of 90% by volume is usual in the present status of the oxy- 
gen-producing technology). Needless to say, air, from which a part of 
nitrogen has been removed, can be used. Selection/decision shouki be 
made by conducting an optimized planning depending on the condmon 
of the water quality loading of the water for treatment. 
[0053] With respect to ozone, a gas of an appropriate concentration can 

also be used. . 
[0054] in the present invention, meanwhile, uniform dispersion and 
long-term staying/storage of oxygen/ozone can be accomplished to the 
water under treatment by means of formation of ultrafine bubbles to 
greatly increase the utilization efficiency thereof enabling search- 
ing/estimation of the actually requisite amount of oxygen/ozone so that 
there no longer is need for excessive supply. The consumption efficien- 
cy of oxygen/ozone can be maximized so that a solution is provided for 
the problems in the prior art methods due to large aeration volumes, 
large capacity tanks and large power consumption with applicability to 
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high-loading waste water, accomplishment of energy saving and man- 
power saving and possibility of unitary and efficient con- 
trol/management of the waste water treatment system by the biosolid 
method simultaneously with the absence of need to provide a process 
for the detoxication treatment of ozone. 
[0055] 5) With regard to the liquid temperature 

[0056] AS to the liquid temperature, there is no particular limitation m 
principle. Assuming that the only matter to be considered is dissolution 
of the gas to water, the liquid temperature should desirably be low but, 
depending on the types/contents of the treatment for the water, a higher 
efficiency can be obtained with an adequately high liquid temperature in 
chemical reactions as well as in biochemical reactions. The ambient 
temperature of environment or room temperature may be suitable when 
the cost for heating/cooling is taken into consideration. 
[0057] In the present invention, a line atomizer is employed in order to 
disperse a gas into a liquid in the form of ultrafine bubbles. 
[0058] The line atomizer is a set of apparatuses consisting of a gas- 
liquid pressure-transfer pump capable of pressure-transferring a gas- 
liquid (gas-containing liquid) in a gas-liquid ratio not exceeding 50% by 
volume under a pressure of about 0.981 to 5.394 MPa (1 to 55 kg/cm ) 
and an atomizer capable of exhibiting a function of subjecting the 
aforementioned gas-liquid to vortex flow/mixing under a high pressure 
(about 0.981 to 5.394 MPa (1 to 55 kg/cm^) to generate cavitations and 
ultrasonic waves of 20 to 12000 kHz either singly or simultaneously 
thereby converting the aforementioned gas-liquid into ultrafine bubbles 
of 1 nm to 30000 nm bubble diameter and further to form O radicals and 
OH radicals while a line atomizer system implies a system in a series 
consisting of the aforementioned line atomizer and an oxygen and/or 
ozone feed unit or preferably an oxygen/ozone cycle generator and ca- 
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pable of effecting unitary running control depending on the conditions of 

:::;Crre : can ^ used regardiess of the for. provided that it 
rsirtrefficient,ydispersing/n,i.ngintofine(u«^^^^^^^^ 

be stored in the liquid. . 
tooeo] usable atomizers include, for example, those cons,st,ng of the 
«pe mixers in a multistage arrangement or in a parallel an^nge- 
me^ ft mrrespective functions. AS a preferable example Of the atom^ 

tl can'be named the "stirrer apP-tu^" ^ 
reactor" (official publication of Patent Kokai No. 7-124577). 

The "Stirrer unif (mixer) described in the official pub„cat,on of 
p=,t»nt Kokai No 7-124577 is as illustrated in Figure 1 . 
S .?SIl,it is constituted from two semlell-,^^^^^ 
Tpprlmatelv having similarity disposed at the ^u^-- ^ ^f ; 
tube 1 in such a fashion that the chord-side per,pher,es 3 o^ ^^^^^ 
pate 2 face each other and intersect symmetrically relat,ve to he 
er axis of the tube, a triangular partition plate 4 div,d,ng the cr s 
on Of the tube into blocks of about epual two ^^ ^^^^^^ 
Chord-Side peripheries 3 of the two blade plates ^^^^^^^^^^^^^^^ 
inlet side intersecting part, a flow-deflecting part B formed by fixed^ 
birg the arched peripheries of the blade plates (peripherl^^ 

o ht h d ide peripheries 3 of the blade plates 2 to the ins.de sur- 
aceeo tube andareactionpartCformed integrally fromase 
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treatment are brought into a revolutional movement by passing the 
r ates dispose, in intersection and agitated/mixed while exh,b.- 
a phenomenon Of cavity (cavitation) by way Of hitting at t e g^up^^^^ 

rotrusions 9 having a unique configuration. ,t is said t at v^en 
acoustic Vibrations are encountered by means of the acoust,c effect at 
the inner part of the revolutional flow". 

ro64] in he "ozone reactor" of the official publication of Patent KoKa, 
r7 124577,a"gas supply tube"is connected to theintermed,ate part 

of the pipeline connecting a "circulation pump" and a "stirrer apparatus 
Tthe fluid inlet side to conduct "decoloration, deodorizat,on, d.s.nfec- 

tion and Others" Of the waste water. 

00651 in this "Stirrer unit" (named also as an 'OHR line m,xer), ,t has 
'Zlscertainedthatthe gas mixable therein IS not iim^^^^^^^^^^ 
[0066] By means of this "stirrer unit" (OHR line m,xer), ,t would be pos 
°b,e to Accomplish uniform dispersion and mixing of ultrafne bubbles of 
abtut 0 5 to 3 0 . m or finer into a liquid within a short time requ,red fo 
pas ng the gas-liquid mixer if a gas and a liquid could be .ntroduced 
n gas-llquid mixer using a single machine. In addition a crush, g 
aX is partly exhibited to the solid matter contained In the flu,d. The 
ulLf^r passmg agas-nquld mixer, which -Pen^ on the ow 
velocity is about 0.01 to 0.4 second (a pressure of about 0.0490 
ot92 MPa (0.5 to 4 Kg/cm^) assumed). With regard to the atom.zers, 
n -dentally the manner of disposition thereof can be such that, de- 
el on the water-quailty loading condition of the introduced waste 
water with a BOD of 50 to 200000 mg/liter and the max,mum amoun of 
:Z water treatment of 2000000 m.day and the condition — 
tion layout, atomizers each directed to a specific purpose of b osol d 
returning, oxygen aeration or ozone treatment of exces-e b'oso^ r^^^ 
provided in parallel in addition to Figure 3 descr,bed later, mult,ple 
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purpose ones are used, two- or three-stages senes ^ 
adopted or a bypass pipe,ir,e is provided with a purpose of b.oso d to 
the ar,aerobic process or provided in the preceding stage of pun.p 
pending to the performance of the pump for enabling to accord w,th the 
optimum planning under the respective conditions. 
[00671 A gas and a liquid are pressure-transferred to the gas-l^u.d ry^ 
° by using a gas-liquid pressure-transfer pump. It is desirable ,n th. 
se thatL same has a capacity Of pressure-transfer w ^h 

subject to a decrease even when the mixing proportion of the gas is 

inrrpased to 3% by volume or higher. 

roeZh e, in a conventional pump for liquid feeding, gas-loc. or a. 
ol Ised by intermixing of a gas to the iiquid leading to a rapid 
et ase of the feeding capacity and substantial incapability of fe^rig 
When the intermixed gas occupies 6 to 8% by volume, ,t is P— ^^^^ 
though not explicitly mentioned, that the intermixing amount of ozone 
in the aforementioned official publication of Patent Koka, (officia 
plcation Of Patent Kokai No. 7-124577) is used aiso at a constant 
value within a range not exceeding "6% by volume". 
[0069] Since d^erences are caused in thefeeding -P-ty when a a 
s intermixed to the liquid, it was a presupposition ,n the pnor art that a 
s — ^ With the liquid in the case of using a con— 
pump However, even a conventional pump can be regarded as the 
q "d pressure-transfer pump when used in such a way in the sen^ 
sl that a gas can be intentionally intermixed with the liquid or in the 
case Where the waste water treatment loading conditions are sufficient 
to comply with a small amount of the gas. 

[0070, n addition, it was the case before the present invention that ar^ 
TvoLe oxygen aeration was considered impossible, thoug po^^^^^ 
to dissolve a few % of high-concentration ozone gas, due to blocking 
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with undissolved solid matters and limitation in the "gas-liquid mixing 
proportion" with a presupposition of absolute impossibility relative to the 
oxygen aeration process by the treatment with a line atomizer, which 
was the characteristic feature of the present invention, ozone oxida- 
tion/decomposition treatment of excessive blosolid and so on as the 
waste water loading is increased, excessive blosolid having a BOD of 
10000 to 200000 mg/llter was disposed exclusively by land-filUng or by 

incineration. . . 

[0071] It is preferable that the pump for pressure-transfer of a liquid in- 
termixed with a gas is a gas-liquid pressure-transfer pump which is not 
subject to a decrease In the pressure-transfer capacity even with an . 
increased proportion of the gas. "Mohno Pumps" marketed from Helshin 
Sobi Co. are known, for example, as a kind of such pumps. 
[0072] As is illustrated in Figure 2, the "Mohno Pump" is a metenng feed 
pump of the type in which a spiral-formed rotor 11 of a circular cross 
section in the form of a spiral having a large pitch is rotated within a gap 
space of a female screw within the stator 10 having a female screw- 
formed space bored therein having an oblong cross section to cause 
successive movement of the gap space formed by the stator and the 
rotor so that the material in the gap space is transferred. Incidentally, 
there is shown, in the lower part of Figure 2, the relationship of the 
space formed by boring in the stator and the rotor at the respective po- 
sitions In Figure 2, X, is the center axis for rotation of the rotor and X, is 
the center axis of the stator. It is understood therefrom that 2 pitches of 
the rotor spiral correspond to a single pitch of the space formed by bor- 
ing tine stator. 

[0073] They are proposed as applicable to application objectives of a 
wide variety including bubbles/fibers-containing liquids and readily va- 
porizable liquids as well as concentrated biosolids, dehydrated cakes. 
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powders and so on. Pressure-transfer of feeding objectives can be 
performed without any troubles and the feeding rate per unit time ,s 
controllable by means of the revolution velocity of the rotor. Reversed 
transfer can also be performed by reversing rotation of the rotor. 
[00741 By using the "Mohno Pump", a gas-liquid mixed fluid, of wh.ch 
the intermixed gas occupies 50% by volume or less, can also be pres- 
sure-transferred without suffering a decrease in the pressure- 
transferring capacity and the mixing proportion of the gas and liquid and 
the flow rate can be adjusted/varied freely. 

[0075] A pressure can be applied to the liquid passing a line atomizer. It 
is optional that a pressure is applied before introduction of a gas into a 
liquid by providing an appropriate pressurizer and the pressure can be 
varied by having different incoming diameter and outgoing diameter of 
the gas-liquid pressure-transfer pump or by having different incoming 
diameter and outgoing diameter of the atomizer. Accordingly, a con- 
tribution can be made to the dissolution of a gas into a liquid since, gen- 
erally speaking, the solubility of a gas is increased under a high pres- 



[0076] It has been found that, when a pressurized fluid of a gas-liqu.d 
mixture is introduced into the above-described gas-liquid mixer ( OHR 
line mixer"), ultrasonic waves of around 40 kHz are generated in the 
gas-liquid mixer to act on the fluid. When the pressure is increased, the 
frequency of the ultrasonic waves is increased as a trend and the inten- 
sity of the ultrasonic waves is also increased as a trend. 
[0077] It is known that ultrasonic waves have a higher unit energy as the 
frequency is increased and the effect of the ultrasonic waves is also 
higher. With regard to cavitation (a cavity-forming phenomenon) closely 
correlated to generation of ultrasonic waves, on the other hand, the flow 
velocity of the gas-liquid dual phase passing through the atomizer is 
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increased as the pressure at the inlet to the atomizer is increased lead- 
ing to more vigorous generation of the cavitation. Accordingly, It could 
readily be understood that a pressure as high as available at an 
economical level is desirable. 

[0078] It would be difficult by mechanical agitation/cutting performance 
alone in order for ultrafine bubble formation and ultrafine mixing of a 
gas-liquid to reach a nanometer level and ultrafine bubble fomiation and 
ultrafine mixing could be accomplished only by increasing the flow ve- 
locity of the gas-liquid dual phase to generate cavitation and ultrasonic 
waves exhibiting a synergistic effect with vortex flows. 
[0079] It is well known that the factor of pressure is important for dis- 
solving/dissolution of a gas and a higher pressure Is more advanta- 
geous. By taking these facts into general consideration, the pressure 
range in the present invention is selected in the range of about 0.1 MPa 
to about 5.394 MPa (1 to 55 kg/cm^). 

[0080] Here, in a simple returning process of biosolld ("0" amount addi- 
tion of reactive gas), it is also required to conduct the running at a low- 
pressure level so as not to destroy the microorganisms. Besides, the 
practically attainable high pressure (about 5.394 MPa) is targeted in 
order that in the oxidation/decomposition of biosolld with a reactive gas 
containing ozone in a high concentration, the oxidizing/decomposing 
performance by the synergistic effect of the oxidizing/decomposing 
performance of ozone in itself and the effect of cavitation/ultrasonic 
waves obtained under a high pressure as well as the performance due 
to O radicals and OH radicals can be efficiently utilized. 
[0081] In the present invention of which the subject matter is waste wa- 
ter treatment by the biosolid method treating a huge amount, the utiliza- 
tion ranges relative to the ultrasonic waves are taken within the 
economically easily utilizable ranges so as to select the frequency in the 
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range of 20 kHz generated at a low-pressure level to 12000 kHz ob- 
tained at a high-pressure level {about 5.394 MPa). 
[0082] As the supply unit of oxygen and/or ozone, ozone generators 
capable of adjusting oxygen supply and generation of ozone can be 
utilized For example, it can be an oxygen/ozone cycle generator having 
an ozone-generating element with an electrode formed on a dielectnc 
body and a high-frequency, high-voltage power source capable of ap- 
plying a high-frequency AC voltage to this ozone-generating element, ,n 
which under supply of an oxygen-containing gas to the ozone- 
generating element, the voltage and/or frequency of the power source 
are handled with an adjuster enabling the amount of ozone generation 
and it can be an oxygen/ozone cycle generator capable of being ad- 
justable for the amounts of oxygen and ozone supply corresponding to 
the variation in the water-quality loading variations in the waste water 
treatment and others corresponding to morning/daytime/night or corre- 
sponding to the process mainly for oxygen supply or corresponding to 
the process mainly for oxygen supply and the process mainly for oxida- 
five decomposition by ozone. 

[0083] The supply of the reactive gas containing oxygen can be air, can 
be an oxygen-enriched air or can be pure oxygen. Taking the amount of 
ozone generation as zero, it is also possible to send out the supplied 
gas as such. It can sometimes be the case, needless to say, that the 
oxygen/ozone generator is interrupted. 

[0084] The cycle here implied means alteration/circulation by adequate 
selection of the processes including oxygen aeration, oxygen aeration 
accompanied by activation of microorganisms by the addition of a trace 
amount of ozone and ozone oxidation, intermittent processes and oth- 
ers and the basic cycle consists of addition of oxygen for biochemical 
interaction and/or addition of a trace amount of ozone for activation of 
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microorganisms-addition of (a large amount of) ozone for physical oxi- 
dation-non-addition of a gas for an anaerobic reaction (as to the inter- 
mittent process, it is essential to interrupt supply of a more than neces- 
sary amount of a gas and to simultaneously ensure a sufficient anaero- 
bic time [the time taken for carrying out the biochemical reaction under 
an anaerobic environment] as a countermeasure against denitndation 
and degradation of the biochemical reactivity). In the case of waste 
water it can be accomplished that the treatment times taken for a 
treatment are about identical despite the variation in the waste water 
loading by adjusting the supplied amount of the reactive gas in compli- 
ance with the cycle of livings affecting the variation of the waste water 
loading. Besides, it is possible, by adjusting the length of each of the 
cycles constituting the basic cycle including oxygen aeration and/or 
oxygen aeration accompanied by activation of microorganisms with ad- 
dition of a trace amount of ozone, ozone oxidation and intermission (in- 
terruption of gas supply), to select an optimum cycle of the whole sys- 
tem enabling energy-saving running. 

[0085] In the prior art technology, it was impossible to appropnately 
supply a sufficient amount of the reactive gas at an appropriate time so 
that the physicochemical reactions could not be promoted and, for ex- 
ample, the aeration must be continued for as long as 24 hours. 
[0086] Prior to the present invention, no attempts had ever been un- 
dertaken for oxygen aeration necessitating pressure-transfer of a large 
volume in a high gas proportion as compared with ozone oxidation in a 
waste water treatment system although some attempts had been un- 
dertaken to admix a few volume % of high-concentration ozone gas with 
the waste water (official publication of Patent Kokai No. 7-124577) for 
the reasons of the limit in the gas-liquid mixing proportion and the un- 
dissolved solid matter in the waste water. 
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[0087] By utilizing the treatment with the line atomizer system of the 
present invention for dissolving/staying/storage of oxygen in the return- 
ed biosolid water, it is now possible to instantaneously supply oxygen 
required by microorganisms for the biochemical action, possible to 
supply an ozone-containing reactive gas in a desired amount at a de- 
sired timing and possible to adequately supply a desired gas instanta- 
neously so that an aeration cycle with air, aeration cycle with oxygen, 
oxidation/decomposition cycle with an ozone-containing reactive gas 
and others can be selected/set as desired, the time which depends on 
the time factor necessary for the microbial reactions including the bio- 
chemical reaction and others can be incorporated into the inside of op- 
eration of the system and it is now possible to unitarily control the re- 
spective processes including the intermittent processes by means of the 
treatment by use of the line atomizer system of the present invention. 
[0088] Following is a description of a construction of the line atomizing 
waste water treatment method according to the present invention by the 

biosolid method by using a line atomizer system described above com- 
prising a line atomizer, gas-liquid pressure-transfer pump and oxy. 
gen/ozone cycle generator in which a synergistic effect is exhibited in 
the process including the anaerobic/aerobic reactions, oxygen and 
ozone (trace amountto high concentrations) and functions of ultrasonic 
reactions and functions by cavitations as well as a control system for 
controlling the same. . „ , 

[00891 Figure 3 illustrates a basic apparatus assembly for actually car- 
rying out the line-atomizing waste water treatment method in the bio- 
solid method of the present invention. 

[00901 in Figure 3, the waste water 1 2 is introduced into the waste water 
treatment system and, via a (flow rate) adjustment vessel 13 and ser- 
tling vessel 14, freed from pollutant materials of inorganic nature and. 
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after being subjected to an action of anaerobic microorganisms ,n a re- 
action vessel 15 (anaerobic), the organic matters are converted .nto a 
biosolid in a reaction vessel 16 (aerobic) by aerobic microorganisms. 
The waste water treatment fluid in which the organic matters have been 
immobliized as a biosolid by means of aerobic microorganisms ,n the 
reaction vessel (aerobic) 16 Is sent to a biosolid settling vessel 17 to- 
gether with the biosolid. The supernatant is discharged to outside of the 
waste water treatment system. Incidentally, the supernatant 18 .s 
sometimes subjected further to an advanced treatment. 
[00911 in the prior art technology, a part of the biosolid by setUing .n the 
biosolid settling vessel Is introduced, via a blosolid-suction pipeline 19, 
into the reaction vessel 17 as the returned biosolid for recycling utiliza- 
tion of the aerobic microorganisms while the remainder of the biosolid is 
disposed in another way as the excessive biosolid. 
[0092] In the present invention, connection is made, to the b.osolid- 
suction pipeline 19, of a line atomizer system 30 consisting of an atom- 
izer 20 a gas-liquid pressure-transfer pump 21 and an oxygen/ozone 
cycle generator 22. The oxygen/ozone cycle generator 22 Is provided 
with a pipeline 24 for a reactive gas containing oxygen and a pipeline 25 
for a reactive gas containing oxygen and ozone wherein suction ,s car- 
ried out for either one of the reactive gases by valve operation. Option- 
ally the oxygen/ozone cycle generator 22 can be connected to the 
preceding stage of the gas-liquid pressure-transfer pump 21. Further, 
the line atomizer system 30 is not limited to that connected to the bio- 
solid-suction pipeline 19 of the biosolid settling vessel 17 but can be 
connected to the supernatant coming from the biosolid settling vessel 
17 or the water coming from outside of the waste water treatment sys- 
tem (the supernatant and the water coming from outside of the waste 
water treatment system are called clean water as a general term). 
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[0093] Connections are made to the respective vessels from the line 
atomizer system through a pipeline for returning/introducing. 
[0094] Incidentally, 27 is a stirrer for agitating inside of the reaction ves- 
sel (anaerobic) 15/reaction vessel (aerobic) 16 and 28 is a dispenser 
system for a microbial preparation optionally provided according to de- 
sire. 

[0095] In the following, some exemplary descriptions are given on the 
possibility of the treatments of waste water which can be undertaken by 
the line atomizing waste water treatment method of the present inven- 
tion in the biosolid method. 

[0096] Into the water arriving at the atomizer 20 such as. for example, 
returned biosolid water (also maybe clean water), mixing is made by 
suction of a reactive gas containing oxygen (abridged as oxygen gas 
hereinafter) or a reactive gas containing oxygen and ozone (abridged 
as ozonating gas hereinafter) coming from the oxygen/ozone cycle 
generator 22. 

[0097] The gas-dispersion liquid in which the oxygen gas/ozonating gas 
is dispersed as converted to ultrafine bubbles by the line atomizer 23 is 
sent, depending on the types and contents of the treatment, to the re- 
spectively specified processes (vessels or pools). 
[0098] In the biosolid method, the microorganisms and the like to carry 
out the biochemical reaction are used repeatedly by using the microor- 
ganisms and the like by returning the treated water containing a part of 
the biosolid (returned biosolid) to the waste water inlet side. 
[0099] When the water under treatment is a water containing organic 
matters in a high concentration and the biochemical reaction by micro- 
organisms must be carried out rapidly, it is desirable that the dissolved 
oxygen in the water under treatment is increased as high as possible or 
the dissolved oxygen is replenished immediately as it is consumed. 
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[01001 It is easy in the present invention to have compliance by sub- 
jecting the returned biosolid water for returning the biosolid and the 
oxygen water for a necessary amount of oxygen to the line atomizer 
treatment for returning to the reaction vessel (aerobic) 16 (also called 
an aerobic vessel) (® in Figure 3). This is because the blochemic^ 
reactions by microorganisms and others can be greatly promoted by 
supplying a sufficient amount of oxygen within an extremely short time 
in the dissolved form and in the form of ultrafine bubbles, 
[0101] In this case, a large proportion of the oxygen gas added to the 
water under treatment (gas-liquid ratio) is suitable. For example, rt ,s 
possible that the pressure-transfer gas-liquid ratio is increased as high 
as 50% by volume and it is also possible that the dissolved oxygen m 
the water under treatment is increased to supersaturation of 40 mg/l,ter 
or higher by using pure oxygen enabling disposal of a high-load.ng 
waste water. 

[0102] The oxygen is converted into ultrafine bubbles by the treatment 
in the line atomizer 23 and a part thereof is rapidly dissolved in the wa- 
ter under treatment with simultaneous consumption by the actively pro- 
ceeding biochemical reactions but oxygen is supplied instantaneously 
and continuously from the bubbles dispersed and stored in the water 
under treatment in a large amount as ultrafine bubbles. 
[0103] AS is mentioned before, a long time is taken by the ultrafine bub- 
bles for ascending to reach the surface of the reaction vessel 1 6 so that 
a large amount of the ultrafine bubbles are dispersed/stored in the reac- 
tion vessel 16 during the ascending up to the surface of the reaction 
vessel 16 enabling continuous replenishment of the dissolved oxygen^ 
By maintaining the amount of the dissolved oxygen at a somewhat high 
level throughout the whole volume within the reaction vessel 16, the 
biochemical (oxidafion) reactions in the reaction vessel 16 can be fully 
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accelerated. It Is very effective here to agitate the liquid in the reaction 
vessel 16 by means of the stirrer 27. 

[0104] Due to the biochemical activity of microorganisms in the reaction 
vessel a part of the organic matters in the water under treatment is de- 
composed into carbon dioxide and water by self-digestion while a part 
of the organic matters is consumed by the biosolid microorganisms to 
cause multiplication of the microorganisms and increase of the biosohd. 
[0105] In this case, activation of the microorganisms for conducting the 
biochemical reactions can be accomplished when, in addition to the 
addition of oxygen, the water under treatment contains/is under action 
of a trace amount (for example, 0.01 to 0.04 mg/liter or smaller = ppm or 
smaller) of ozone. It is a possible case that the microorganisms are de- 
stroyed/killed with too much ozone. 

[0106] It is also possible that the returned biosolid (sometimes called 
excessive biosolid heretofore) water among the water under treatment 
containing returned biosolid, of which the proportion having been con- 
verted into biosolid by the biochemical reactions of microorganisms and 
others is high, can be disposed. In this case, biosolid can be oxi- 
dized/decomposed with ozone by feeding/mixing an ozonating gas 
having an increased concentration of ozone. 

[0107] Oxidation/decomposition of the returned biosolid with ozone can 
be accelerated/strengthened more and more to be carried out instanta- 
neously by the complex synergistic effect of the effect of conversion of 
the ozonating gas into ultrafine bubbles by the line atomizer 23, the ef- 
fect of pressurization, the effect of ultrasonic waves, the effect of cavita- 
tion on the reaction, the effect of reactions with O radicals and OH radi- 
cals and others. 

[0108] When a large portion of the biosolid is converted to BOD by the 
oxidation/decomposition of the biosolid with ozone, it is introduced from 
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the line atomizer 23 into the reaction vessel (anaerobic) 15 (® in Fig- 
ure 3) where it is acted upon by the anaerobic microorganisms and the- 
reafter is subjected in the reaction vessel (aerobic) 16 again to the bio- 
chemical reaction by aerobic microorganisms to be converted into bio- 
solid. The amount of the biosolid produced here by the self-digestion of 
a part thereof is decreased. 

[0109] When a large portion of the cell membranes in the biosolid is de- 
stroyed by the oxidation/decomposition of the returned biosolid with 
ozone to be imparted with increased susceptibility to the reaction of the 
microorganisms, it is possible, instead of introduction from the line at- 
omizer 23 to the reaction vessel (anaerobic)15, to introduce into the 
adjustment vessel 13 (® in Figure 3), which is a process preceding the 
reaction vessel (anaerobic) 15 or is optionally to introduce into the set- 
tling vessel 14 (® in Figure 3). 

[01 10] In this case, in order to more efficiently utilize the unutilized oxy- 
gen stored in a large amount in a dissolved formym the form of ultrafine 
bubbles in the treated water after conversion into BOD, it is also prac- 
ticed that a seed biosolid as required is added beforehand to the ad- 
justment vessel or settling vessel to further promote the biological oxi- 
dation. 

[01 1 1] When, in the usual case of ozone preparation where a part of the 
oxygen gas is converted into ozone, ozone in a high concentration 
(ozone concentration about 3 to 6% by volume) is to be generated, a 
gas of high oxygen concentration is used. For example, the reactive gas 
immediately after generation has a composition expressed by an oxy- 
gen concentration of 85% by volume, 5% by volume of ozone concen- 
tration and 1 0% of others and the balance portion of the constituents in 
the reactive gas after consumption of the ozone are mostly unreacted 
oxygen with a concentration reaching 89.5% to be higher than in gen- 
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eration. In the present invention, the gas dispersion liquid which has 
been once used for ozone oxidation/decomposition after consumption 
of ozone still keeps a large amount of oxygen stored in a dissolved form 
or in the form of ultrafine bubbles so that the utilization efficiency of the 
reactive gas can be greatly increased by returning this gas-dispersion 
liquid containing a large amount of oxygen to appropriate positions so 
as to again utilize the stored oxygen for the biochemical reaction. 
Simultaneously therewith, it is possible to convert each of the prior art 
vessels which is uni-functional, to composite-functional. 
[0112] According to the present invention, the utilization efficiency of 
ozone is high and it can be supplied to the disposal system in an ade- 
quate amount required for oxidation/decomposition without need of ex- 
cessive supply so that there is no risk of out-of-system discharge of 
noxious unreacted ozone. 

[01 13] When a seed biosolid is returned to the reaction vessel (anaero- 
bic) to conduct the denitrification so as to be imparted with increased 
susceptibility to the next-coming aerobic reaction or to undertake a 
countermeasure against degradation of the biochemical reaction per- 
formance, it is desirable to use a seed biosolid with a "zero" amount of 
gas addition. 

[0114] In the line atomizing waste water treatment method of the pre- 
sent invention by the biosolid method, it is also possible that, when a 
reactive gas containing a trace amount of ozone in an ozone concentra- 
tion of 0.01 mg/liter or higher but not exceeding 0.04 mg/liter and pure 
oxygen are treated with a returned biosolid water under a feed pressure 
of 0.25 to 0.61 MPa to the line atomizer 23, a control is effected at the 
part of the line atomizer for preventing occurrence of biosolid (biosolid) 
by means of the synergistic chemical effect of oxygen aera- 
tion/biochemical activity and ozone oxidation/biological oxidation. In this 
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case, it is possible that the treated water is introduced into the biosolid 
settling vessel 17 ((D in Figure 3) which is a process succeeding the 
reaction vessel 1 6 and the supernatant is released toward outside of the 
system. 

[011 5] According to the present invention, bubbles of the ozone gas are 
ultrafine so that a long time is taken for ascending thereof up to the wa- 
ter surface resulting in an increased utilization efficiency of ozone and. 
in addition, even in the case where ozone has been transferred in some 
excessive amount, no risk is encountered that noxious unutilized ozone 
gas is released to outside of the system even without undertaking any 
particular detoxifying measure because ozone per se is decomposed 
due to the balance with the durable life of ozone. 
[01 16] It is not always necessary in the present invention to undertake a 
continuous oxygen supply so that a time margin is provided until com- 
pletion of the biochemical reactions and that time can be utilized for un- 
dertaking other measures (unification). By undertaking generalized 
control/management of the addition of oxygen and ozone to the return- 
ed biosolid water, selection of the intermittent processes, setting of the 
cycle time, amount of oxygen, ozone concentration in the ozonating gas, 
pressure of the added reactive gas, flow rate and others to determine 
the optimum cycle, the present invention can be practiced by means of 
a control/managing system for unified management by sending orders 
to the cycle generator for generation/supply of a desired reactive gas 
and to the atomizer/gas-liquid pressure-transfer pump for forming a de- 
sired gas-dispersion liquid. 

[01 17] It is optional that the place for installation of this control/manage- 
ment system is within or in the vicinity of the plant to be controlled/ 
managed or a distant place. This control/management system may ser- 
ve for concurrent control/managing of a plurality of plants. 
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[01 18] This control/managing system is equipped with a group of sen- 
sors for measuring/detecting the dissolved oxygen (DO), oxidation- 
reduction potential (ORP), pH, concentration of suspended substances 
such as biosolid and the like (MLSS), water quality conditions in the in- 
flow and out-flow waters, BOD, GOD, SS, T-N, T-P values in the re- 
spective processes including the reaction vessel and the like and, 
based on the detected/collected data, the process control can be opti- 
mized for the water quality conditions of the discharged treated water. It 
is now possible to realize the amount of dissolved/stored oxygen for 
effecting the biochemical reactions by microorganisms and the like op- 
timized relative to the discharged water loading conditions, the amount/ 
size of the oxygen gas bubbles and the synergistic effect of the microbi- 
ological oxidation and the ozone physical oxidation/cavrtation/ultrasonic 
waves and a possibility is given for realization to apply the cycle ato- 
mizing process by which the respective lasting times can be adjusted 
and they are switched each to the other for practicing the same. 
[0119] By utilizing the principle that, when oxygen gas bubbles are im- 
parted with fineness of 1 Mm or smaller, the ascending velocity of the 
bubbles in water is retarded to a few cm/hour so that undissolved oxy- 
gen is dispersed/staying/stored in the treated water, an alteration is ef- 
fected in the concept of each of the vessels considered as monofunc- 
tional in the prior art waste water treatment processes when the return- 
ed biosolid water having oxygen as mixed, dissolved and stored by 
means of the line atomizer into the flow-rate adjusting vessel, settling 
vessel, reaction vessel and others, as described below. 

1 Flow-rate adjusting vessel = converted into multiple functionality with 
■ addition of the function of biochemical interaction treatment vessel 

2 settling pool (vessel) = converted into multiple functionality with addi- 
tion of the function of biochemical interaction treatment vessel 
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3. Reaction vessel = capacity increased, or decreased or omitted de- 

pending on situations 
4 Biosolid settling pool (vessel) = converted into multiple functionality 

with addition of the function of biochemical Interaction treatment ves- 
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[0120] The waste water as the target of the disposal In the present in- 
vention is that having a BOD value approximately in the range of 50 to 
200000 mg/liter. It is an understanding heretofore that the waste water 
from farming and fishing villages having a BOD value of 50 to 150 
mg/llter are not suitable for the collective biosolid method due to the 
usually low BOD value and low treatment efficiency per unit BOD as 
compared with the waste water from cities having a BOD value of ap- 
proximately 150 to 300 mg/liter. According to the present invention, 
however, it Is possible to undertake an automatic running by utilizing the 
unified control/management system by means of a line atomizer so as 
to ensure a high utilization efficiency of the reactive gas and, by virtue of 
the storage function for a large amount of the reactive gas by way of 
conversion into ultrafine bubbles so as to enable a necessary minimum 
running (intermittenVpaused running) so that the cost for run- 
ning/maintenance is low and the efficiency of disposal per unit BOD can 
be greatly increased as compared with prior art. 
[0121] In the prior art, it was taken as impossible to conduct disposal of 
a high-concentration waste water (BOD value 200000 mg/liter) and. for 
example, high-concentration waste water having a BOD value of 10000 
mg/llter was subjected to disposal after 10 to 20 times dilution to give a 
BOD value of 500 to 1 000 mg/liter. 

[0122] m the present invention, on the other hand. It is possible to con- 
duct disposal of a high-concentration waste water having a BOD value 
of 200000 mg/liter because oxygen for the biochemical interacfton or 
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high-concentration ozone for oxidative decomposition by ozone neces- 
sary for disposal of high-concentration waste water can be supplied 
within a short time in a necessary and sufficient amount in a dissolved 
form or in the form of ultraflne bubbles. 

[0123] On the other hand, the concentration of a stored biosolid with a 
water content of about 80% is 20% by weight corresponding to 200 
g/liter = 200000 mg/liter so that a biosolid concentration of 200000 
mg/liter is an actually possible case. According to the line-atomizing 
method of the present invention, however, even a stored biosolid of 
such a high concentration can be fully complied with by means of the 
high efficiency in the ozone oxidation/decomposition and BOD-forming 
treatment using high-concentration ozone by a line atomizer of a very 
high capacity per time for one-pass instantaneous treatment (0.5 sec- 
ond or shorter), improvement in the efficiency of biological oxidation 
with a large amount of oxygen supply and expansion of the treatment 
capacity in the whole disposal system by way of imparting multiple- 
functionality to the vessels and pools with returning also to the adjust- 
ment vessel, first settling pool (vessel) and others. 

Utilizability in industry 

[0124] The present invention is characterized in that, in a waste water 
treatment process by the biosolid method, the functions to ultrafine 
bubble formation, mixing and storage functions of a reactive gas. func- 
tions to generate cavitations/ultrasonic waves and a controlling function 
to unify these functions for exhibition of a synergistic effect are provided 
and. by using a line atomizer treatment, clean water or returned biosolid 
water is subjected to oxygen aeration and/or ozone oxidation and the 
gas-dispersion liquid is returned to the reaction vessel or to the adjust- 
ment vessel or settling vessel as a preceding process to the reaction 
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vessel, or to the biosolid settling vessel as a process succeeding 
thereto and the lil<e. 

[0125] The line-atomizing waste water treatment method of the present 
invention is effective for solving the problems in the prior art as follows. 
[0126]® The water for treatment can be provided with an amount of 
dissolved oxygen/an amount of dissolved ozone required instantane- 
ously when needed. Accordingly, the reaction for disposal of the water 
under treatment can greatly be activated. For example, aeration (dis- 
solution of oxygen into the liquid and oxygen supply to microorganisms) 
can be carried out within an extremely short time by the treatment with a 
line atomizer so that the staying time of the water for disposal in the re- 
action vessel (aerobic/aeration) can be very short (or, it is possible that 
the reaction vessel (aeration) is required no longer). Further, the bio- 
chemical reactions, which, in the prior art, take a staying time as long as 
days, can be accomplished sufficiently with a staying time of a few 
hours order. 

[01 27] © By supplying the oxygen gas or ozone gas to be added to the 
water under treatment instantaneously and in a large amount to cause 
dispersion/storage in the water for treatment, continuous running of 
aeration for 24 hours a day as in the prior art is no longer necessary 
enabling intermittent running and enabling repetition of the anaerobic 
denitrification process, which is sometimes insufficient in the prior art so 
as to ensure sufficiency of the anaerobic denitrification process. Moreo- 
ver the utilization efficiency of the reactive gas is extremely high so that 
the oxygen gas and ozone gas can be supplied in a minimum neces- 
sary amount without requirement for a supply in an excessive amount. 
Even in the case where ozone is added, accordingly, there is no need 
for extraneous facilities to detoxify noxious ozone in conducting dis- 
charge to outside of the system. 
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[01 28] To say particularly: 

(a) excessive biosolid is formed in a reduced volume or not formed; 

(b) the power consumption for aeration can be decreased to one fifth to 
one tenth or smaller to effect energy saving; 

(c) separate installation of exclusive-use ozone-oxidation vessel, de- 
pleted ozone disposal unit, air-oxygen disperser unit, withdrawal 
pump for excessive biosolid and the like are no longer required; 

(d) by imparting the function of biochemical activity to the adjustment 
vessel and settling pool (vessel), the reaction vessel can be made 
compact or can be omitted; 

(e) compactness can be accomplished to one fifth to one tenth or 
smaller as compared with prior art so that the requirement for space 
can be decreased; 

(f) in the prior art low-performance uncontrollable system of the non- 
control type, the dissolving/utilization efficiency of oxygen and 
ozone as a hardly soluble gas was extremely low to be a few % to 
about 20% and no measure other than long-time continuous aerati- 
on could be undertaken. Relative to the pressure, for example, con- 
trol was impossible because of the utilization of the tank water depth 
pressure. While, due to the impossibility to comply with variations 
in the gas-liquid mixing proportion and loading in the treated waste 
water, no choice could be made excepting for long-time aeration of 
constant and large amount of air. it remained only for use in a proc- 
ess with very limited possibility for automation, energy saving and IT 
utilization, it is now possible to increase the dissolving/utilizing effi- 
ciency nearly to 100%; 

(g) a possibility can be afforded for the disposal of high concentra- 
tion/high loading waste water including human excrements, animal 
excrements, discharged water from factories, waste water of garba- 
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ge disposal in disposers and the like heretofore considered impos- 
sible; 

possibilities are given for the in-system disposal of excessive bio- 
solids and garbage disposal in disposers unnecessitating incinera- 
tion disposal of biosolids and garbages in the prior art contributing to 
the decrease of CO2 and financial saving; and 
by way of prevailed utilization of disposers, collection and transpor- 
tation of garbages and biosolids are no longer required contributing 
to the Improvement of convenience and amenity of inhabitants. 



